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0 Low-cost high-performance semiconductor chip package. 



0 Low-cost high-performance semiconductor chip 
package enabling a direct chip to printed circuit 
board connection comprises a semiconductor chip 
having a front surface and a back surface. The front 
surface comprises pads for Input and output of sig- 
nals to and from the chip. The package further 
includes a leadframe having power, ground, and 
^signal conductive elements having first and second 
^end portions for transmitting input and output signais 
to the pads. The package also has a bonding system 
^for selectively connecting the first end portions of 
^the conductive elements to the pads and a protec- 
0tive isystem for providing sealed and environmental 
protection around the semiconductor chip and por- 
Wtions of the leadframe while permitting other portions 
oof the leadframe to protrude from the protective 
^ means to provide connection with other devices. 
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LOW-COST HIGH-PERFORMANCE SEMICONDUCTOR CHIP PACKAGE 



Reld of the Invention 



The present invention relates to the field of 
electronic component bonding and packaging. 



Background of the Invention 



In the field of electronic component packaging 
numerous problems exist For example, the bond- 
ing of conductive elements of a leadframe to a 
semiconductor chip often results in chip passiva- 
tion fractures during the bonding process. These 
fractures may occur due to excessive bonding 
force, misalignment occuning during the bonding 
process, or inadequate standoff means to prevent 
the conductive elements from being undesirably 
compressed against the semiconductor chip. Other 
fracture phenomena occur during thermal cycling 
of components and result in poor quality products 
which are either rejected or which perfomi improp- 
erly. Further problems in the packaging field in- 
clude an Inability to provide fine pitch geometries 
at various levels of chip packaging to achieve the 
area utilization demands of higher density devices. 
These all represent particularly long-standing prob- 
lems and constant challenges in the packaging 
field, but ones which find solutions in the present 
application in various ways. 

Wasteful, inefficient or unnecessary process- 
ing steps in the production of semiconductor chips 
and other electronic components accounts for sub- 
stantial redundancy in the packaging field. More- 
over, as more complicated devices require addi- 
tional processing steps such devices become in- 
creasingly susceptible to processing errors which 
may lead to poor performance and low yields. In 
the field of semiconductor chip production alone, 
the volume of chips manufactured results in sub- 
stantial numbers of improperly packaged devices 
due to processing problems. Moreover, it is quite 
common to experience low production yields in the 
initial production phases of newly designed chips. 
By streamlining and minimizing the steps required 
in a chip production process, efficiencies combine 
to provide greater overall yield percentages. 

Yet a further problem identified in the prior art 
of electronic component packaging includes de- 
vices which are- manufactured having inefficient uti- 
lization of chip surface areas. Non-efficient struc- 
ture in the packaging field Is tantamount to reduc- 
ing the performance capabilities of the electronic 
device. Rather, more efficient use of existing space 



on an electronic component is tiie touchstone to 
improved performance. Therefore, the more effi- 
cient use of tiie valuable chip surface area on 
electronic components permits advanced capabil- 

5 ities, such as improved spacing and pitch geome- 
tries. The present invention provides immediate 
Improvements affecting the production and opera- 
tion of electronic devices and assemblies which 
overcome these problems Identified above. 

70 Various bonding techniques exist which permit 
bonding of electronic components. These bonding 
techniques include the use of relatively hard-bond- 
ing material, such as gold, and soft-bonding ma- 
terial such as solder compositions. Altiiough the 

15 use of solder compositions is known in the art. 
such compositions have generally been used as 
formations which are placed on semiconductor chip 
devices during tiie chip production process. Var- 
ious compositions of solder have been used, in- 

20 eluding tin-lead compositions. Commonly, soft sol- 
der material is plated onto interface regions of 
components as final processing steps prior to final 
component testing. It has now been found valuable 
to apply soft solder material, in tiie form of prefor- 

25 med solder bumps, to other structures in the pack- 
aging process. One example of another structure Is 
tiie conductive elements of a leadframe. By placing 
prefomfied solder bumps on the conductive ele- 
ments of a leadframe, substantial efficiencies in the 

30 overall production, packaging, and testing cycle 
occur. Alternately, tiie present Invention provides 
Improved solder compositions for strengthening the 
bonding capability of solder bumps preformed onto 
semiconductor chips. 

35 Therefore, the present application describes 
improved packaging and bonding of electronic 
components to achieve optimum signal fidelity, fine 
pitch geometries. Improved yield, greater reliability, 
and various manufacturing efficiencies. The im- 

40 provemsnts comprise several unique embodiments 
of tape leadframe technology, solder bump transfer 
and bonding techniques, and preferred bonding 
and fiuxing material compositions. 

45 

Summary of tiie invention 



The present invention Is a low-cost high-perfor- 
60 mance semiconductor chip package enabling a di- 
rect chip to printed circuit board connection. The 
package comprises a semiconductor chip having a 
front surface and a back surface. The front surface 
comprises pads for input and output of signals to 
and from the chip. The package further comprises 
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a leadframe having power, ground, and signal con- 
ductive elements having first and second end por- 
tions for transmitting input and output signals to the 
pads. The package also comprises a bonding sys- 
tem for selectively connecting the first end portions 
of the conductive elements to the pads and a 
protective system for providing sealed and envi- 
ronmental protection around the semiconductor 
chip and portions of the leadframe while permitting 
other portions of the leadframe to protrude from the 
protective means to provide connection with other 
devices. 



Brief Description of the Drawings 

Rgure 1 is a perspective view of a repre- 
sentative leadframe assembly. 

Figure 2 is a perspective view of a repre- 
sentative leadframe assembly with preformed sol- 
der bumps attache.d to conductive elements. 

Rgure 3 Is a perspective exploded view of a 
leadframe assembly positioned over a solder 
bumped transfer substrate. 

Rgure 4A illustrates a transfer substrate 
shown with cavities and solder pellets within the 
cavities. 

Rgure 4B is a side sectional view along lines 
48-48 in Rgure 4A showing the solder pellets 
resting within the transfer substrate cavities. 

Rgure 5 is a perspective exploded view of a 
leadframe assembly with preformed solder bumps 
on conductive elements positioned over con^e- 
spondlng bonding pads of a semiconductor chip. 

Rgure 6 is a flow chart representation of 
prior art semiconductor chip production cycle steps 
relating to the deposition of solder bump material. 

Rgure 7A is a perspective view of a transfer 
substrate with solder material deposited on it 

Figure 78 is a side elevation view of a solder 
bumped transfer substrate analogous to that shown 
In Rgure 7A following transfer of the solder bumps 
to a representative semiconductor chip. 

Rgure 8A is a side elevation view of prior art 
non-reflowed plated bumps positioned on a chip 
surface. 

Figure 88 Is a side elevation view of prior art 
reflowed plated bumps illustrating non-uniform 
bump sizes. 

Rgure 8C is a side elevation view of pre- 
ferred high-yield high-density solder bumps prior to 
reflow. 

Figure 8D is a side elevation view of tiie 
solder bumps shown in Rgure 8C after reflow. 

Figure 9 illustrates a side sectional view of a 
stacked leadframe assembly and protective means. 

Rgure 10 illustrates a side sectional view of 



a low-cost tab package and protective means. 

Rgure 11 is a flow diagram illustrating repre- 
sentative prior art leadframe and chip assembly 
processes. 

5 Rgure 12 is a flow diagram illustrating a 

prefenred low-cost tab package leadframe and chip 
assembly process. 

Rgure 13A is a top plan view of an angled 
stress relief means. 
10 Rgure 138 Is a top plan view of an undulat- 

ing stress relief means. 

Rgure 13C is a side elevation view of an 
arched stress relief means. 

Rgure 14 is a side sectional view of a 
76 stacked tape leadframe assembly. 

Rgure ISA is a diagrammatic view of a 
representative prior art leadframe and chip assem- 
bly Illustrating a capacitor which is mounted exter- 
nally of tiie assembly to a printed circuit board. 
20 Rgure 158 is a side sectional view of a filter 

leadframe assembly partially witiiin protective 
means and mounted to a next level of packaging. 

Rgure 16 Is a phase versus temperature 
diagram showing a tin-lead composition. 
25 Rgure 17 is a side elevation view of a repre- 

sentative belt furnace bonding mechanism. 

Rgure 18 is a side sectional view of a lead- 
frame and chip holding device configured with a 
rigid insert to achieve soft solder bump bonding 
30 uniformity. 

Rgure 19 Is an enlarged side sectional view 
generally corresponding to Rgure 18 illustrating a 
leadframe and chip holding device configured witii 
a conformal insert to achieve hard bump bonding 
35 unifomnity. 

Detailed Description of the Preferred Embodiments 



40 Detailed preferred embodiments of the present 
invention are disclosed. It Is to be understood, 
however, Uiat the disclosed embodiments are 
merely exemplary of tiie invention, which may be 
embodied in various forms. Therefore, specific 

45 structural and functional details disclosed are not to 
be interpreted as limiting, but ratiier as a repre- 
sentative basis for teaching one skilled in the art to 
variously employ the present invention in virtually 
any appropriately detailed system or structure. It 

60 will be understood that in some circumstances rela- 
tive material thicknesses and relative component 
sizes may be shown exaggerated to facilitate an 
understanding of the invention. 

Inventions described in the . present application 

55 relate to Improvements in packaging and bonding 
electronic components to achieve finer pitch geom- 
etries, improved yield, improved reliability, and 
manufacturing efficiencies. The improvements In- 
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elude several unique preferred features Including 
tape leadframe constructions, solder bump transfer 
bonding techniques, and preferred bonding and 
fluxing material compositions. 

Referring to Figure 1, an exemplary leadframe 
10 is illustrated. It is appreciated tiiat leadframes 
are variously constructed and shaped; however, the 
basic function of leadframes is to provide conduc- 
tive elements for use in interconnecting the lead- 
frame with at least one other electronic device. 
Leadframe 10 comprises conductive elements 12 
for transmitting Input and output signals to bonding 
locations on an electronic device. Leadframes 10 
may comprise a tape leadframe having dielectric 
material 14 for separating the conductive elements. 
Dielectric material 14 may also be constructed and 
arranged to provide cushioning during bonding as 
well as stress relief during operation and/or tem- 
perature cycling of the device. 

As the complexity of electronic devices in- 
creases, the demands of properly packaging such 
high performance and/or multi-lead devices be- 
come more challenging. Indeed, current semicon- 
ductor chips may require several hundreds of 
bonds per chip in the paclcaging process. Speclft- 
cally, certain chip capacities are now between 
about 600 to 800 bonds per chip, it is expected 
within the field of pacl^aging technology that near- 
term bonding requirements will exceed 2000 bonds 
per chip. However, as the number of bonding oper- 
ations per chip increases, the stress on each chip 
also increases as each bond is formed; other po- 
tential sources of chip failure or rejection also in- 
crease as the number of bonding operations in- 
crease. 

One method of reducing the number of tend- 
ing operations per chip is to align a leadframe, 
such as leadframe 10, with appropriate bonding 
locations on a semiconductor chip and then exert a 
single bonding force to the leadframe to effect 
multiple bonds simultaneously. When using such a 
technique, commonly called "gang-bonding", the 
problems of using hard bonding materials are best 
exemplified. When using a hard bonding material 
with gang bonding, greater force is needed to 
effect a compression bond than if the bonding 
material were more soft. Accordingly, compression 
bonding of hard bonding material frequently results 
in undesired chip passivation cracldng and over- 
compression of conductive elements of the lead- 
frame. 

Although the use of tape leadframes provides 
certain advantages relating to self-alignment and 
vertical standoff of the conductive elements of the 
leadframe with respect to bonding interface regions 
on chips, the use of soft solder material is also of 
great value. Heretofore, soft bonding material, such 
as solder bonding material or soft solder, has been 



confined to placement on active electronic device 
interface regions rather than onto a leadframe. 
However, the placement of preformed solder ma- 
terial onto leadframe conductive elements relieves 

5 the active electronic components, such as chips, 
from potential adverse effects related with such 
processes. Periiaps even more significantly, by 
preforming solder bumps to leadframe conductive 
elements rather than to devices such as chips, the 

10 devices themselves can be tested for acceptability 
before they are Integrated Into a leadframe assem- 
bly .or even a chip carrier. Therefore, it is desirable 
to place prefomied solder bumps 16 on leadframe 
conductive elements to achieve an overall improve- 
rs ment in device yield and reliability. Further, by 
placing preformed solder bumps on leadframe 
means 10 the bonding material may be inspected 
independent of the chip production process and 
independent -of the process wherein leadframes are 

20 mated with other devices. 

Accordingly^ as illustrated in Figure. 2, a lead- 
frame assembly is provided having conductive ele- 
ments 12 preformed with solder bumps 16 for use 
in interconnecting the leadframe with an electronic 

25 device. Preferably, leadframe 10 comprises at least 
one of power, ground, and signal conductive ele- 
ments for transmitting input and output signals to 
bonding locations on an electronic device. Also, 
solder bumps 16 are preformed onto conductive 

30 elements 12 in a pattern which will pemnit bonding 
with desired bonding locations on an electronic 
device. Preferably, preformed solder bumps 16 
comprise a tin and lead composition. 

A method of manufacturing a leadframe as- 

35 sembly having preformed solder bumps, which 
may also be refenred to as a bond-when-ready 
bumped leadframe, Is provided. This method pref- 
erably comprises the steps of positioning lead- 
frame 10 for receipt of preformed solder bumps 16 

40 onto conductive elements 12, and then attaching 
the solder bumps at desired locations on the con- 
ductive elements. Preferably, the solder bumped 
conductive elements may then be selectively bon- 
ded with bonding locations on an electronic device. 

45 As illustrated in Rgure 3, the step of preforming 
solder bumps 16 comprises providing a non-sol- 
derable transfer substrate 20 having a transfer sur- 
face 22 for receipt of solder material in the form of 
solder bumps or deposits 16. The solder material is 

50 deposited onto transfer surface 22 to form solder 
deposits in a predetermined pattern. Conductive 
elements 12 of leadframe 10 are then aligned and 
mated with patterned solder bumps 16. Finally, the 
conductive elements and patterned solder bumps 

55 are heated to the point of reflow to permit the 
solder deposits to transfer into wetted contact with 
the leadframe 10 conductive elements 12. 

Solder material may be deposited onto transfer 
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substrate 20 in several different ways. The deposi- 
tion step may be accomplished by positioning a 
conventionai shadow masi< on transfer surface 22 
and than evaporating solder material through ap- 
ertures in a shadow masl< to form preformed solder 
deposits 16 on transfer surface 22. Alternately, 
solder material may be plated onto transfer surface 
22 using conventional plating techniques. Yet an- 
other method of preforming solder deposits 16 onto 
a transfer substrate 20 includes providing a non- 
solderable transfer substrate, as shown in figure 
4A, having a plurality of cavities 32 configured for 
positioning preformed solder material. Then, prefor- 
med solder pellets 34 are deposited onto the trans- 
fer surface for nesting in cavities 32 in a predeter- 
mined pattem, as illustrated In Figures 4A and 4B. 
Preferably, transfer substrate 20 comprises a re- 
usable material for multiple transfers of solder ma- 
terial. 

A method of constructing a leadframe assem- 
bly is also provided in which the conductive ele- 
ments are preform,ed with solder bumps for bond- 
when-ready packaging of a semiconductor chip. 
This method comprises providing a leadframe 10 
preferably comprising at least one of power, 
ground, and signal conductive elements 12, and 
preforming solder bumps 16 onto conductive ele- 
ments 12 of leadframe 10 to provide means for 
selectively bonding the conductive elements to 
semiconductor chip bonding pads. The various 
methods of depositing preformed solder bump ma- 
terial onto leadframe 10 as described above pertain 
to this embodiment as well. Although other meth- 
ods of depositing preformed solder bump material 
onto transfer substrate 20 and leadframe 10 are 
available, those identified above are preferable. 
This solder bump transfer technology permits 
transfer of preformed solder bump material to ac- 
tive die and wafers. In addition to leadframes. Cer- 
tain other advantages accrue by use of this transfer 
substrate technology, and will be later discussed in 
greater detail. 

Specific applications of preformed solder 
bumped leadframes include advantageous connect- 
ing of bumpless semiconductor chips and other 
devices to preformed solder bumped leadframes. 
Indeed, the overall concept of bumping leadframes 
and In particular soft solder bumping of the lead- 
frames Is intended to take the bumping process out 
of the chip production cycle. In other words, the 
chip experiences no bumping process until bonded 
to the leadframe. this is important for several rea- 
sons, not the least of which is time and efficiency. 
This process prevents exposing the chip to poten- 
tial yield problems and plating techniques such as 
voltage spiking, plating current generation, or plat- 
ing corrosive action from plating solutions. Also, it 
Is not uncommon for extremely low yields to result 



from the first 6 months of a new production pro- 
cess for chips. Indeed, effective yields may only 
then curve up to maximums of between 60% to 
80% per production batch over several years. 

5 Therefore it is quite important to minimize yield 
problems wherever feasible. By utilization of a pre- 
tested reliable inventory of unbumped chips, in- 
creased batch yields may be realized. Stated an- 
other way, by taking the bumping process out of 

10 the chip production cycle, only 100% yield 
bumped leadframes and 100% yield chips will be 
used when bonding. This permits separating the 
chip fabrication process from the bumping process 
without adverse Impact on any of the components. 

15 This also permits parallel processing and produc- 
tion which in the past was combined as a single, 
less efficient, serialized event This method of man- 
ufacture enhances cost reductions and penmits 
bond-when-ready assembly. 

20 Another advantage of applying solder bumps to 
leadframe conductive elements relates to the prior 
art problem of solder fatigue due to neutral point 
distancing. This problem arises when chips include 
bumps which are positioned on surfaces of a rigid 

25 substrate which expand due to thermal cycling or 
operation at a rate different than the chip. This 
often results in separation of the bump from the 
chip and degraded chip operation. In contrast, by 
placing the solder bumps on leadframe conductive 

30 elements which are substantially independent from 
tiiese thermal stresses noted above, the bumps 
remain attached. This advantage provides im- 
proved reliability. 

Therefore, this invention provides a low-cost 

36 high-yield semiconductor chip and leadframe as- 
sembly kit. As Illustrated In Rgure 5, this kit prefer- 
ably comprises a semiconductor chip 42, lead- 
frame 10. and bonding means comprising solder 
bumps 16 performed to leadframe 10. Preferably 

40 semiconductor chip 42 comprises wetable. non- 
reflowable interface regions 46, also commonly re- 
ferred to as pads, for input and output of signals to 
and from the chip. Leadframe 10 preferably com- 
prises a leadframe having power, ground, and slg- 

45 nal conductive elements 12 for transferring signals 
to and from chip 42 interface regions 46. This 
invention also encompasses a reduced process 
high-yield semiconductor chip and leadframe as- 
sembly kit comprising a semiconductor chip 42 

/60 comprising bumpless interface pads 46 for input 
and output of signals to and from chip 42, and 
leadframe 10 comprising a leadframe Including sol- 
der bumped conductive elements 12 arranged for 
reflow bonding witii chip pads 46. 
55 A method of manufacturing a low-cost high- 
yield leadframe assembly, as illustrated in Rgure 5. 
includes providing a semiconductor chip compris- 
ing wetable, non-reflowable interface pads for input 
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and output of signals to and from the chip: aligning 
a leadframe comprising preformed solder bumped 
conductive elements with the interface pads of 
regions and reflowing the preformed solder bumps 
for conductively Interconnecting the leadframe con- 
ductive elements with the chip interface pads. 
Similarly, a method of manufacturing a reduced 
process high-yield leadframe assembly comprises 
positioning a semiconductor chip comprising bum- 
pless interface pads for Input and output of signals 
to and from the chip; aligning leadframe conductive 
elements with the interface pads, the leadframe 
comprising means for reflow bonding the conduc- 
tive elements to the chip pads; and reflow bonding 
the leadframe to the chip. Preferably, the method 
of reflow bonding a reduced process high-yield 
leadframe assembly comprises reflowing solder 
bumps which were previously preformed onto the 
conductive elements. 

Figure 6 is a schematic representation of ex- 
emplary prior art chip production process steps. As 
shown in Rgure 6, .the process of plating sol- 
derable bumps to semiconductor chips or wafers 
typically comprises numerous steps integral to the 
chip production cycle. These steps normally com- 
prise providing an integrated circuit wafer and first 
depositing a field metalization. Next, photo-resist 
techniques are employed and the sites for metal- 
ized bumps are defined by etching holes in the 
photo-resist. A layer of interface metal is then de- 
posited into the etched holes. Then, metalization to 
fonm the bumps is plated onto the interface metal. 
The metalization may be a tin-lead composition. 
The bump metalization Is then refiowed and the 
steps of etching the field metal follow. Rnally, the 
metalization is again refiowed to provide smooth 
and readily bondable metallzed bumps. The tab 
may then be bonded to the metalized bumps on 
the Integrated circuit chip or wafer. The cunrent 
low-cost tab package leadframe invention elimi- 
nates substantially all of the process steps illus- 
trated in Rgure 6, and therefore reduces chip pro- 
duction cycle time as well as reducing risk of 
damage to the chip. This Is particularly relevant to 
semiconductor chips which are either expensive to 
manufacture or which require long production cy- 
cles. Indeed, substantial commercial advantage 
may be realized by reducing production cycles and 
providing greater ability for parallel production 
techniques. 

The cunrent pre-bumped leadframe Invention 
provides means for achieving the above objectives 
by providing pre-bumped leadframes for bond- 
when-ready attachment to bare, e.g. non-bumped, 
chips or wafers. This is greatly advantageous over 
the prior art In that it permits Independent chip 
inspection as well as independent bump Inspection 
prior to the bonding process so that a very high- 



yield, if not 100%, of operational devices may be 
achieved quite readily. Note that this process elimi- 
nates the wasteful steps Involved in bumping semi- 
conductor chips prior to testing the chip, as is 

5 commonly done and as shown in Rgure 6. Due to 
these advantages, this invention may also be de- 
scribed as a maximum yield pre-bumped invention. 

In the event that pre-bumped chips are de- 
sired, e.g. maintaining the wasteful production 

10 steps of the prior art, then substantial improve- 
ments in bonding reliability may still be achieved 
according to the present single phase solder com- 
position invention, described in greater detail later 
in this application. 

/5 It is appreciated that the use of vapor deposi- 
tion and plating as means for providing reflowable 
solder material for bonding electronic devices is 
generally well known in the art. However, such 
processes have neither addressed nor solved many 

20 problems related to prior art processes. In particu- 
lar, prior art techniques of vapor depositing solder 
material onto active die or wafers include placing a 
shadow mask comprising numerous apertures onto 
the surface of an active die or wafer. The assembly 

25 Is then placed In a chamber where the solder 
material is evaporated and deposited onto the 
wetable portions of the wafer that are exposed 
through the apertures of the shadow mask. Fre- 
quently, however, difficulties arise with respect to 

30 the shadow mask scratching portions of the active 
die or wafer. Such scratching may lead to consid- 
erable reliability and yield problems affecting active 
components. Also, as the requirement for higher 
density devices increases, the masks must include 

35 more apertures. Substantial problems related to 
aperture density and mask planarity result. For 
example, insufficient separation between apertures 
provides only partial bump laydown on the active 
wafers. 

40 Yet another problem occurs when excess sol- 
der material passes through certain apertures caus- 
ing electrical bypasses on the active wafer or die. 
This phenomenon may also be caused by certain 
masking processes which result In the effect known 

45 as "haloing." This "haloing" leaves undesirable re- 
sidue on active die which is avoided through use of 
the present invention. Furthermore, the evaporation 
process used In the prior art requires exposure of 
the active wafer or die to the temperature and 

50 pressure variations associated with conventional 
vapor deposition techniques. Indeed, the heat gen- 
erated during the evaporation process causes cer- 
tain masks to adhere to and damage the active 
device. Elimination of this damage to the active 

65 wafer or die is desirable. Also, if an active wafer or 
die receives only a partial bump or metalization 
laydown, the active component must either be dis- 
carded or further processed in order to achieve a 
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proper pattern of solderable material. Once again, 
neither of those options are desirable or efficient. 

One solution to these problems of vapor depo- 
sition processes includes manufacturing a high- 
yield solder bumped semiconductor wafer using 
new methods. One such method, illustrated in Rg- 
ure 7A, includes providing a non-solderable transfer 
substrate 20 having a transfer surface 22 for re- 
ceipt of solder material. Solder material is then 
deposited onto transfer surface 22 to form solder 
bumps 16 in a predetermined pattern, as shown in 
Rgures 7A and 7B. The deposition of the solder 
material onto transfer surface 22 may be accom- 
plished by either plating, vapor deposition, or pellet 
placement in cavities as earlier refenred to and 
explained in this application. Next, as shown In 
Rgure 7B. the metiiod includes aligning solderable 
conductive elements 70 of a semiconductor wafer 
72 with the patterned solder bumps 16 on transfer 
surface 22. and then heating and reflowing tiie 
pattemed solder bumps Into wetted contact with 
wafer 72 conductive elements 70. Thus, this pro- 
cess eliminates the problems described above 
which reduce the reliability of prior art active de- 
vices exposed to process steps now rendered un- 
necessary by the invention just described. 

Thus, the present solder bump transfer inven- 
tion pemnits production of high-yield solder 
bumped semiconductor wafers 72 without risk of 
scratching by a shadow mask, and without any 
transfer of residual solder material such as that 
which forms halos on prior art active die. Addition- 
ally, the above preferred method of manufacturing 
a high-yield solder bumped semiconductor wafer 
avoids tiie difficulties associated with the conven- 
tional plating process of solder bumping active 
wafers and die. The previously mentioned prob- 
lems of voltage spiking, current generation, and 
acidic conrosion are overcome by utilizing Inter- 
mediate transfer substrate 20 as described above. 
Also, exposure of the active device to the pro- 
longed cycle time associated witii tiie plating pro- 
cess Is avoided. 

Yet another problem relating to the prior art 
plating of active die Involves tiie characteristic 
mushrooming shape of solder bumps formed on 
active die using tiie plating process, as shown In 
Rgure 8A. This results in waste of space due to 
the normally expanded diameter at the top portion 
of such solder bumps. Accordingly, tiie prior art 
process of plating active die Is density limited and 
of little value when attempting to manufacture fine 
pitch geometry devices. This phenomenon, wherein 
a solder bump includes a mushroom shaped top 
portion over a narrower base, results in such con- 
ventional plating being only good to pitch densities 
of about 8 mil. In contrast, use of the transfer 
metiiod described above according to tiie present 
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Invention permits bump spacing of at least as small 
as about 1 to 2 mil and, tfierefore, achieves tiie 
objectives of tighter pitch geometry construction, 
as represented in Rgure 8C. Indeed, by comparing 

5 the bump spacing using prior art plating techniques 
before and after reflow. shown in Rgures 8A and 
8B, and comparing the finer pitch bump spacing 
according to the present transfer method invention, 
shown in Rgures 80 and 8D. tiie advantage is 

70 quite clear. Also, as shown In Rgure 8A and 88, 
the prior art plating process promotes greater po- 
tential for uneven bump sizes due to the increased 
possibility tiiat tiie pre-reflow mushroom shaped 
deposits will be in contact 

IS Aitiiough later detailed discussion will relate to 
the prefered compositions of solder bonding ma- 
terial, ttie above method of manufacturing a high- 
yield solder bumped semiconductor wafer prefer- 
ably further comprises use of solder material com- 

20 prising less tiian 3% by weight tin. 

In the field of electronic packaging, perfor- 
mance characteristics of individual electronic com- 
ponents may be improved in various ways. One 
such technique is to optimize the use of existing 

25 space on an electronic device as illustrated in 
Rgures 9 and 14. The embodiment of the present 
invention shown in Rgures 9 and 14 represents 
Improved means for space utilization on a compo- 
nent by use of a stacked tape teadframe assembly 

30 54. More particularly, stacked tape leadframe as- 
sembly 54 provides means for anranging multilayer 
conductive leads access to more area of an elec- 
tronic component as well as on various vertically, 
spaced lines or layers. Stacked tape leadframe 

05 assembly 54 Is designed for use with integrated 
circuit chips and comprises multiple leadframes 54 
arranged in stacked relation. Each leadframe 54 
preferably comprises at least one conductive ele- 
ment 62. Solder bump means comprising solder 

40 bumps 66 are provided for electrically and me- 
chanically connecting selected conductive ele- 
ments 62 of leadframes 54. As is further illustrated 
in Rgure 14, preferred stacked leadframes 54 com- 
prise non*wetable surfaces comprising dielectric 

45 material 70 for maintaining separation between ad- 
jacent leadframes 54 and for dielectrically separat- 
ing multiple conductive elements within a lead- 
frame. Also, preferred stacked tape leadframe as- 
sembly 54 and solder bumps 66 are constructed 

so and an^anged to connect conductive elements 62 
witii Integrated circuit chip 72. 

Rgure 14 shows one embodiment of stacked 
tape leadframe assembly 54 comprising a first up- 
per leadframe labelled U including a conductive 

55 element 62u, a second lower leadframe labelled L 
comprising a conductive element 621, and a third 
middle teadframe labelled M comprising a conduc- 
tive element forming a signal line 62m positioned 

7 
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in stacked relation between the first and second 
leadframes to form a constant impedance strlpline, 
or constant impedance microstrip configuration. 
The dimensions of leadframes 54 and their conduc- 
tive elements define the electrical parameters of 
any circuit formed. Indeed, conductive elements 62 
may also comprise ground conductors or ground 
planes. Alternately, certain conductive elements 62 
may comprise power conductors, and such power 
conductors may further be configured as power 
planes. As previously noted, conductive elements 
62 may also comprise signal lines. 

Refenring now to Rgure 9. a stacl(ed leadframe 
assembly 54 Is shown. Stacked leadframe assem- 
bly 54 preferably comprises multiple leadframes 58 
anranged in stacked relation with each leadframe 
comprising linear conductive elements 62. Also, 
solder bump means is provided comprising 
stacked solder bumps 66 for electrically and me- 
chanically connecting conductive elements 62. Rg- 
ure 9 particularly shows a stacked leadframe as- 
sembly 54 witii protective means 76. Preferred 
protective means 76 is located around portions of 
stacked leadframe assembly 54 while permitting 
otiier portions of the stacked leadframes to pro- 
trude from protective means 76 to provide connec- 
tion with otiier devices. 

This stacked tape leadframe assembly inven- 
tion thus incorporates a plurality of discrete lead- 
frames connected mechanically and electrically 
through the use of stacked leadframes. Accord- 
ingly, stacked tape leadframe assembly 54 solves 
problems associated with signal management of 
high speed integrated circuits, such as characteris- 
tic impedance control, inductance, capacitance, re- 
sistance and cross-talk noise. Stacked tape lead- 
frame assembly 54 may be configured as a con- 
trolled Impedance structure by regulating tiie 
height of solder bumps 66 or by configuring other 
physical characteristics of leadframes 54. Thus, 
stacked tape leadframe assembly '54 provides In- 
novative cost reductions over conventional mul- 
tilayer ceramic printed circuit boards and packages 
while also providing significant performance advan- 
tages. 

Referring now to Rgure 10, a side sectional 
view of a low-cost leadframe package 84 is illus- 
trated. Low-cost leadframe package 84 provides 
substantial savings during the production process 
as well as substantial reliability improvements dur- 
ing operation. As shown In Rgure 10, low-cost 
leadframe package 84 preferably comprises a lead- 
frame 86, a semiconductor chip 88. bonding means 
comprising a plurality of originally preformed solder 
bumps 16, and protective means 76 for providing 
sealed and environmental protection around semi- 
conductor chip 88 and portions of leadframe 86 
while permitting otiier portions of leadframe 86 to 



protrude from protective means 90 to provide con- 
nection witii otiier devices. Preferably, low-cost 
leadframe package semiconductor chip 88 com- 
prises a chip front surface 92 and a chip back 
5 surface 93. witii chip front surface 92 comprising 
pads 96 for input and output of signals to and from 
chip 88. Leadframe 86 preferably comprises at 
least one of power, ground, and signal conductive 
elements 100 having first end portions 101 and 
10 second end portions 102 for transmitting input and 
output signals to pads 96. Preferably, protective 
means 76 comprises enclosure means preferably 
comprising first and second enclosure members 
112, 113 respectively, which fonfn a chamber ar- 
75 ound semiconductor chip 88. Inner surfaces of en- 
closure members 112, 113 comprise chamber 
walls 114 which preferably are spaced away from 
semiconductor chip 88 to permit independent ther- 
mal expansion cycling of chip 88 and enclosure 
sto members 112. 113. Protective means 76 preferably 
also comprises barrier sealing means 116 for coat- 
ing and protecting semiconductor chip 88 from 
environmental contamination, and package sealing 
means 117 for sealing the interface between enclo- 
25 sure members 112, 113 or between protective 
means 76 and a next level of packaging. 

Protective means 76 may also furtiier comprise 
stress relief means 120. shown in Rgures 10. 13A, 
138, and 13C, positioned between chamber walls 
30 114 and semiconductor chip 88 for relieving me- 
chanical fatigue caused by thermal stress to chip 
88, leadframe 86. and protective means 76 during 
ttiermal cycling. Stress relief means 120 preferably 
comprises a stress relief expansion portion 122 of 
35 conductive elements 100 configured for maintaining 
conductivity of signals passing from leadframe 86 
to and from chip 88 independent of tiiemial cycling 
Induced stresses. Rgure 13A Illustrates a top view 
of stress relief means 120 configured as an angular 
40 stress relief means 120a. Similarly, Rgure 13B 
illustrates a top view of an undulating stress relief 
means 120b constructed and arranged to relieve 
mechanical fatigue caused by thermal stress to 
chip 88, leadframe 86. and protective means 76 
45 during thermal cycling. Rgure 13C is a side eleva- 
tion view of stress relief means 120 configured as a 
flexible arched stress relief means 120c. 

Therefore, tiie preferred low-cost leadframe 
package invention encapsulates the semiconductor 
60 witii an open cavity 126. Further, *the portion of 
leadframe 86 which is wltiiln cavity 126 preferably 
comprises stress relief means 120 to minimize 
fatigue caused by thermal stresses. Accordingly, 
the invention preferably Includes encapsulated 
65 stress relief expansion means 120 for permitting 
thermal expansion Induced movement of the com- 
ponents without losing conductivity or without caus- 
ing device failure. Furtiier, this is important in tiiat it 
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allows choices of different component materials 
which might otherwise experience mutually unac- 
ceptable thermal expansion differences. Another 
way of stating this feature is that this low-cost 
package maintains conductivity for signals passing 
to and from the leadframe and the chip indepen- 
dent of thenmal cycling induced stresses. 

At least one of enclosure members 1 12. 1 13 of 
!ow-*cost leadframe package 84 may comprise a 
next level of packaging. Also, second end portions 
102 of conductive elennents 100 may comprise 
means for connecting package 84 to a printed 
circuit board 130 without intermediate packaging. 
This demonstrates yet another advantage of the 
present low-cost package invention which includes 
cooling features relating to how chip 88 is con- 
nected to the package. Specifically, semiconductor 
chip 88 front surface 92 is configured with chip 
pads 98 and back surface 93 is configured for 
bonding to a portion of protective means 90. This 
configuration takes advantage of the thermal resis- 
tance feature in. .back-side mounting by placing 
more area of the chip in contact with a heat-sink 
during operation than if the heat to be dissipated 
had only the solder bond and air to provide heat 
sinking. Stiffening means may also be provided in 
the package to facilitate mounting on a printed 
circuit board or other level of packaging. Low-cost 
leadframe package 84 ban^ier sealing means 116 
preferably comprises polyimide material while the 
bonding means preferably comprises solder bump 
material. 

Low-cost leadframe package 84 may also com- 
prise a high-density low-cost leadframe package 
configured for direct connection with a printed cir- 
cuit board or other level of packaging. The high- 
density low-cost leadframe package would prefer- 
ably comprise a . semiconductor chip 88 having 
bonding pads 96 comprising fine pitch bonding 
pads with a pattern repetition of substantially less 
than 0.02 inch (.51 mm). Similarly, leadframe 86 
may comprise fine pitch conductive elements, and 
the bonding means may comprise means for con- 
necting the fine pitch conductive elements to the 
fine pitch pads. This high-density low-cost lead- 
frame package embodiment preferably comprises 
pads 96, located on semiconductor chip 88. and 
leadfi'ame conductive elements 100, which are 
spaced at a pitch of between about 0.003 Inch 
(.076 mm) and 0.008 inch (.203 mm). Preferably, 
those portions of conductive elements 100 extend- 
ing outside protective means 90 are spaced at a 
pitch of between about 0.004 Inch (.102 mm) and 
bout 0.010 Inch (.254 mm). 

Refenring again to Figure 10. a metiiod of con- 
structing low-cost leadframe package 84 is dis- 
closed. Preferably, this method of construction 
comprises the steps of providing semiconductor 



chip 88 having pads 98 for input and output of 
signals to and from tiie chip, and positioning a 
leadframe 86 for connection with chip 88. Prefer- 
ably leadframe 86 comprises at least one of power, 

5 ground, and signal conductive elements 100 with 
first end portions 101 and second end portions 102 
for transmitting input and output signals to pads 96. 
A chip and leadframe package is then formed by 
bonding conductive elements 100 to chip pads 96 

TO using preformed solder bumps 16. Then, protective 
means 76 is placed to provide sealed and envi- 
ronmental protection around semiconductor chip 88 
and portions of leadframe 86 while permitting ottier 
portions of leadframe 86 to protrude from protec- 

75 tive means 76 to provide connection with other 
devices. A preferred method of consti'uction in- 
cludes protective means 76 comprising a first en- 
closure member 112 and a second enclosure 
member 113 placed around semiconductor chip 88 

20 to iom a chamber. Preferably, tiie enclosure mem- 
bers each comprise inner surfaces comprising 
chamber walls 114 spaced away from semiconduc- 
tor chip 88 to permit independent tiiermal expan- 
sion cycling of chip 88 and enclosure members 

25 112. 113. Further, a preferred metiiod of assem- 
bling the above device includes connecting con- 
ductive element second end portions 102 with a 
printed circuit board 130 witiiout Intermediate pack- 
aging. 

30 It is appreciated that ttie metiiod described 
above may include use of a leadframe comprising 
a tape leadframe having a plurality of conductive 
elements separated and carried by tape means 
such as a dielectric material. In addition to provid- 
36 Ing protective means 76, stress relief means 120 
may be provided. More particularly, the method of 
construction of low-cost leadframe package 84 
preferably further comprises the step of positioning 
stress relief means 120 between chamber walls 
40 114 and semiconductor chip 88 for relieving me- 
chanical fatigue caused by thermal stress to chip 
88, leadframe 86, and protective means 76 during 
thermal cycling. 

Witiiin tiie field of packaging technology, sub- 
45 stantial costs are expended in bonding die or active 
devices to leadframes. This expense Is driven by 
tiie ever increasing number of bonds per die which 
are required. Therefore, as the capabilities of semi- 
.conductor chips increase, so also does the number 
50 of bonds per die. Various developments have been 
suggested in tiie art to reduce tiie time and energy 
required to bond die to leadfi'ames but a repre- 
sentative pattern of process steps has emerged as 
an industry practice. Figure 11 schematically repre- 
ss sents the prior art process of tab assembly. As 
illustrated in Figure 11. a first leadframe must be 
attached to tiie die. Then, the die is excised from 
tiie first leadframe and epoxy bonded to tiie pack- 
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age. The first leadframe must then be attached to 
the package and a fid must then be welded there- 
on. However, further steps are required. These 
steps include bonding the second leadframe to the 
package in order to provide a conductive path from 
the die through the package to external devices. 
Only then is the assembled package ready for 
functional test, it is not uncommon in the prior art 
to have a requirement of in excess of 1000 bonds 
per tab assembly. The present low-cost tab pack- 
age invention identifies and eliminates numerous 
prior art tab assembly steps, indeed, as illustrated 
in Figure 12. tiie low-cost tab package invention 
requires fewer process steps and a greatiy reduced 
number of bonds per assembled die. Particularly, 
as shown in Rgure 12. tiie low-cost tab package 
invention requires attaching a leadframe to a die. 
Then tiie chip is epoxy bonded to a package. Next, 
a lid is sealed on the package and the package is 
Uien ready for functional test. As illustrated in Fig- 
ure 10. the innovation of providing a protective 
means around a continuous leadframe eliminates 
the requirement in the prior art for hundreds of . 
bonds on most high performance chips. A simple 
measure can be made of the enormous Impact this 
invention has on large scale chip production pro- 
cesses. For example, the savings per chip in num- 
bers of bonds eliminated as compared with iden- 
tical interconnect requirements in the prior art read- 
ily exceeds 50%. and the reliability is greatiy In- 
creased. This great reduction of bond requirements 
per chip has enabled the applicant to manufacture 
these devices achieving production efficiencies 
heretofore unknown. 

. Figure 15B illustrates anotiier leadframe con- 
figuration designed for improved signal perfor- 
mance. As shown, filter leadframe assembly 162 is 
provided for improving the signal-to-noise ratio in 
high performance packaging. Preferred filter lead- 
frame assembly 162 comprises a leadframe 164 
having conductive elements 168 for providing at 
least one of power, ground, and signal conductive 
paths to and from electronic components such as a 
semiconductor chip. Capacitor means for providing 
electrical decoupling to the leadframe assembly is 
provided. Preferably, capacitor means comprises at 
least one decoupling capacKor 169 attached be- 
tween power and ground conductive elements of 
leadframe 164. 

Signal fidelity in typical leadframe devices Is 
degraded by electrical noise which may otherwise 
be eliminated or minimized by use of decoupling 
capacitors 169 arranged according to the present 
filter leadframe invention. The closer to a semicon- 
ductor chip's power and ground connections that a 
particular decoupling capacitor is placed, the more 
effective tiie noise reduction capability of that ca- 
pacitor becomes. Conventional decoupling capaci- 
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tors are typically mounted on printed circuit boards 
and packages as shown in Rgure 15A. However, 
by mounting decoupling capacitors 169 directly 
onto leadframe 164, as shown in Figure 15B, the 

5 capacitors are now located virtually as close as 
possible to the respective power and ground con- 
nections in order to maximize their decoupling ef- 
fect. Various means of attaching decoupling ca- 
pacitors 169 to leadframe power and ground con- 

10 ductive elements 166 are available, such as use of 
solder paste, solder preforms, or conductive epoxy. 
Riter leadframe assembly 162 preferably com- 
prises a tape leadframe having dielectric material 
173 for separating conductive elements 166. Con- 

75 ductive elements 166 are preferably comprised of 
copper material. 

As shown in Rgure 15B, filter leadframe as- 
sembly 162 may also include integral component 
means comprising a semiconductor chip 178 hav- 

20 Ing interface regions 180 for input and output of 
signals to and from the chip. Semiconductor chip 
178 is preferably connected to leadframe 164 so 
tiiat at least one decoupling capacitor 169 is posi- 
tioned above chip interface regions 180 to provide 

25 signal decoupling while minimizing the separation 
between chip 178 interface regions and capacitor 
169. 

Filter leadframe assembly 162 may further 
comprise protective means 76. Protective means 

30 76 is constructed and arranged to provide sealed 
and environmental protection around semiconduc- 
tor chip 178 and portions of tape leadframe 164 
while permitting other portions of tape leadframe 
164 to protrude from protective means 185 to pro- 

36 vide connection with' other devices. Rgure 158 
further Illustrates filter leadframe assembly 162 
having leadframe second end portions 188 extend- 
ing from protective means 185 to provide a con- 
nection witii a printed circuit board 190 without any 

40 intermediate packaging. The open regions may be 
provided in filter leadframe assembly 162 to pro- 
vide flexure and prevent fracture or cracking of the 
assembly. 

The present solder composition Invention, to 
46 be discussed next, relates to a system of pack- 
aging and bonding electronic components to 
achieve manufacturing efficiencies, improved per- 
formance, and greater reliability. Significant im- 
provements in electronic package reliability have 
50 been achieved according to the teachings of this 
Invention by use of soft solder bump compositions. 
Although various compositions may be utilized, it is 
preferable to use a composition which maintains a 
single solid phase metallurgical state throughout a 
65 wide range of thermal environments. For example, 
It is not uncommon for electronic components to 
be exposed to diverse operating environments 
ranging from very high temperatures to well below 
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room temperature. Many conventional bonding 
compositions experience phase changes between 
solid and liquid during such temperature migrations 
which lead to metal fatigue. This clearly represents 
an undesirable characteristic, causing substantial 
reliability problems for systems and components 
using such bonding materials. 

The present solder composition invention dis- 
closes a preferred tin-lead solder composition 
which maintains a single phase solid at substan- 
tially wider temperature ranges than is presently 
experienced by solder bonding material used in the 
field of electronic bonding compositions. More spe- 
cifically, use of a composition comprising less than 
3% by weight of tin and more than 97% by weight 
of lead results in substantially higher reliability 
bonds. For example, testing of 1% by weight* tin 
solder bumps reveals reliability figures which ex- 
ceed those of higher tin content bumps, such as 
3% to 6% by weight tin. by a factor of three times. 

Refenring now to Rgure 16. a simplified tin-lead 
phase diagram is. provided. The tin-lead composi- 
tion illustrated will be totally liquid and in complete 
solution at the temperatures above line ABC. Line 
A B C is thus referred to as the liquidus of this 
system. Therefore, all of the region marked I is 
completely liquid. Regions 11 and 111 in the diagram 
marked Beta (W and Alpha (a), respectively, are 
areas of solid solution. When an alloy of a given 
composition and a given temperature falls within 
the regions of o and fi, it will have a single phase. 
Unes A D and C F. which form the upper limits of 
these regions, are called the solidus as Is line D F. 
Any material underneath solidus A, D. F. C, will be 
a complete solid. The material in area IV consists 
of a combination of fi and a In various ratios. The 
curvature of lines F G and D E indicates that the 
amount of solute (primary element) in the solid 
solution of regions 11 and 111 diminishes with cooling 
and that area IV consists of a double phase where 
o and i3 coexist in various configurations. Regions 
V and VI as shown In the diagram lie between the 
solidus and the liquidus of the system and there- 
fore consist of fi plus liquid and a plus liquid, 
respectively. These regions are usually labelled the 
pasty range. Most known solder compositions for 
electronic bonding reside in this pasty range. How- 
ever, as solid crystals of ;S or a are disbursed in a 
liquid solution of tin and lead and as the tempera- 
ture is lowered, the liquid can no longer dissolve 
the large quantity of the second phase, and more 
crystals of fi and a are formed until a euteclic 
temperature Is reached or the balance of the ma- 
terial freezes totally in a mixture of a and fi. 

As shown in Rgure 16, line Q represents an 
alloy having 90% by weight lead and 10% by 
weight tin. As the alloy migrates from high tem- 
perature liquid solution to cooler temperatures, it 



passes through various metallurgical phases. Upon 
Initial cooling it passes first into the pasty range 
where the alloy starts forming crystals of a in 
region VI. Upon further cooling the alloy totally 

s freezes in the form of a solid a phase In region 111. 
Yet as the alloy crosses line F G to a cooler 
temperature, the solid solution can no longer hold 
all of the tin and a fomnation of the 0 phase results 
in a two phase region shown by the fi and a 

10 coexistence in region IV. 

As Rgure 16 further illustrates, only In the case 
of compositions similar to that represented by line 
R, which is a 98% by weight lead and 2% by 
weight tin composition, would a single phase of a 

75 exist at normal room temperatures. Indeed, such 
low tin content compositions provide the widest 
range of a single phase solid solder composition. 
As a result, soft solder bonding material made from 
very low tin content alloys experience no metallur- 

20 gical phase changes during wide ranges of operat- 
ing temperature, thus increasing the bonding ma- 
terial reliability and resistance to themnal induced 
fatigue. 

Accordingly, it is preferable to utilize a soft 
25 solder bonding material for providing conductive 
electronic component high-strength bonding which 
maintains a single phase solid state between such 
wide temperature ranges of at least approximately 
-65 'C to approximately 200* C. Preferred soft sol- 
30 der bonding material comprises a tin and lead 
composition. Thus, a composition is desirable 
which comprises tin and lead wherein the percent 
by weight of tin is substantially equal to or less 
than the value at which the composition changes 

35 from the single phase solid a state to the two 
phase solid a plus p state at substantially 0*C. 
This tin lead composition solder bonding material 
may further comprise a solder bump configured for 
preformed placement and subsequent reflow bond- 

40 ing between electronic components. 

As illustrated in Rgure 16, prefen^d solder 
bonding material, which may be in the form of a 
solder bump, comprises less than 3% by weight of 
tin and more than 97% by weight of lead in order 

45 to optimize the thermal cycling range of stability. 
More particularly, prefenred solder bump material 
for use in interconnecting electronic components 
comprises between about .5% to about 2% by 
weight of tin, and between about 98% to about 

50 99.5% by weight of lead. Components manufac- 
tured within this prefenred tin content range were 
thermal cycled from -65*C to 150* C beyond 1000 
cycles without failures. In contrast, previous tests 
using approximately 3% to 6% tin content solder 

55 bonding materia! experienced failures at 200 or 
less cycles. 

It is appreciated that at least some applications 
of prefenred soft solder bonding material according 
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to the present solder composition Invention may be 
suitable for use in environments outlined within 
U.S. Department of Defense Military Standard 883. 
Accordingly, a solder bonding material, which may 
be in a preformed bump configuration, Is provided 
for conductive electronic component high-strength 
bonding which exceeds by an order of magnitude 
the minimum number of 100 thermal cycles re- 
quired by U.S. Department of Defense Military 
Standard 883 method 1010 over a temperature of 
-65' C to 150* C. This solder bonding material pref- 
erably comprises an effective amount less than 3% 
by weight of tin, and more than 97% by weight of 
lead. More specifically, such solder bonding ma- 
terial preferably comprises a composition of be- 
tween about .5% to about 2% by weight of tin. and 
between about 98% to about 99.5% by weight of 
lead. 

Another way of stating the present solder com- 
position invention is to provide a solder bonding 
material for conductive electronic component high- 
strength bonding which exceeds by an order of 
magnitude the minimum number of 100 thermal 
cycles required by U.S. Department of Defense 
Military Standard 883 method 1010 over a tem- 
perature range of -85 'C to +150*C and which 
comprises a composition of tin and lead wherein 
the percent by weight of tin is substantially equal to 
or less than the value at which the composition 
changes from the single phase solid a state to the 
two phase solid a plus p state at substantially 0* C. 
Similarly, the present invention discloses a solder 
bump material for use In Interconnecting electronic 
components comprising a composition for main- 
taining a single phase solid state over the tempera- 
ture range of U.S. Department of Defense Military 
Standard 883 method 1010 of -65* C to 150*0 
thenmal cycling requirements. 

As previously mentioned, the use of this solder 
composition invention may include placing the sol- 
der composition on semiconductor chips to provide 
high-reliability bonding in a manner not previously 
known or appreciated In the field of electronic 
packaging technology. 

The present solder composition invention fur- 
ther comprises a leadframe assembly having con- 
ductive elements preformed with high-strength sol- 
der bumps for use in interconnecting the leadframe 
with an electronic device. This leadframe assembly 
preferably comprises leadframe means comprising 
at least one of power, ground, and signal conduc- 
tive elements for transmitting Input and output sig- 
nals to bonding locations on an electronic device. 
The leadframe also preferably comprises solder 
bumps preformed on the conductive elements for 
selective bonding with bonding locations on the 
electronic device. The solder bumps preferably 
comprise a composition for maintaining a single 



solid phase over the temperature ranges of 0* C to 
150*C. Alternately, the solder bumps of this lead- 
frame assembly may comprise about .5% to about 
2% by weight of tin, and about 98% to about 

5 99.5% by weight of lead. Moreover, the solder 
bumps of the leadframe assembly may comprise 
both a composition for maintaining a single solid 
phase over the temperature range of 0*C to 
150*C as well as about .5% to about 2% by 

70 weight of tin and about 98% to about 99.5% by 
weight of lead. A leadframe assembly having any 
of the above solder bump composition characteris- 
tics may further comprise a tape leadframe having 
dielectric material for separating the conductive 

16 elements. 

This solder composition invention further dis- 
closes a method of manufacturing a bond-when- 
ready bumped leadframe comprising the steps of 
providing a leadframe comprising at least one of 

20 power, ground, and signal conductive elements; 
and preforming solder bumps onto the conductive 
elements to provide means for selectively bonding 
the conductive elements to bonding locations of an 
electronic device, and the solder bumps being 

25 preformed having a composition for maintaining a 
single solid phase over the temperature range of 
0*C to 150*C, Alternately, the solder bump com- 
position of the solder bumps to be preformed as 
part of the above method of manufacturing a bond- 

30 when-ready bumped leadframe may comprise a 
composition of about .5% to about 2% by weight of 
tin. and about 98% to about 99.5% by weight of 
lead. Indeed, a preferred method of manufacturing 
a bond-when-ready bumped leadframe may com- 

35 prise solder bumps with a composition for both 
maintaining a single solid phase over the tempera- 
ture range of 0*C to 150*0 and comprising about 
.5% to about 2% by weight of tin and about 98% 
to about 99.5% by weight of lead. 

40 A low-cost high-strength leadframe and semi- 
conductor chip assembly Is also provided accord- 
ing to the present solder composition invention. A 
preferred low-cost high-strength leadframe and 
semiconductor chip assembly comprises a seml- 

46 conductor chip comprising bonding locations for 
input and output of signals to and from the chip. 
The assembly further comprises leadframe means 
comprising at least one of power, ground, and 
signal conductive elements for transmittihg input 

50 and output signals to the bonding locations on the 
semiconductor chip. Also, this low-cost high- 
strength leadframe and semiconductor chip assem- 
bly comprises solder bump means comprising sol- 
der bumps reflowed between corresponding lead- 

65 frame conductive elements and bonding locations 
on the semiconductor chip. The solder bumps pref- 
erably have a composition for maintaining a single 
solid phase over the temperature range of O'C to 
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150*C. Alternately, the solder bumps may have a 

composition comprising about .5% to about 2% by 
weight of tin, and about 98% to about 99.5% by 
weight of lead. However, yet another low-cost high- 
strength leadframe and semiconductor chip assem- 
bly according to this solder composition invention 
comprises solder bump means comprising solder 
bumps having a composition for maintaining a sin- 
gle solid phase over the temperature range of 0* C 
to 150*C. and that composition comprises about 
.5% to about 2% by weight of tin and about 98% 
to about 99.5% by weight of lead. Similariy. a 
method of manufacturing a low-cost high-strengtii 
leadframe and semiconductor chip assembly is 
provided. Preferred steps for this assembly method 
comprise providing a semiconductor chip compris- 
ing bonding locations for input and output of sig- 
nals to and from the chip; providing leadframe 
means comprising at least one of power, ground, 
and signal conductive elements for transmitting in- 
put and output signals to the bonding locations on 
the semiconductor chip; providing solder bump 
means comprising solder bumps positioned be- 
tween corresponding leadframe conductive ele- 
ments and bonding locations of the semiconductor 
chip, the solder bumps having a composition for 
maintaining a single solid state phase over a tem- 
perature range of 0* C to 150* C; and ref lowing tiie 
solder bumps to Join the corresponding leadframe 
conductive elements witii the bonding locations on 
the semiconductor chip. The composition of the 
solder bumps In the above preferred method may 
comprise about .5% to about 2% by weight of tin, 
and about 98% to about 99.5% by weight of lead 
rather tiian being defined by having a characteristic 
property of maintaining a single solid phase over a 
temperature range of 0*C to 150*C only. How- 
ever, yet another preferred method of manufactur- 
ing a low-cost high-strengtii leadframe and semi- 
conductor chip assembly includes solder bumps 
having a composition comprising about .5% to 
about 2% by weight of tin and about 98% to about 
99.5% by weight of lead, and that composition 
maintains a single solid phase over a temperature 
range of 0*Cto 150* C. 

This solder composition invention further com- 
prises a method of manufacturing a low-cost high- 
strength leadframe and semiconductor chip assem- 
bly following tiie steps of providing a semiconduc- 
tor chip comprising bonding locations for input and 
output of signals to and from the chip; bonding 
leadframe means comprising at least one of power, 
ground, and signal conductive elements for trans- 
mitting Input and output signals to the bonding 
locations on tiie semiconductor chip; providing sol- 
der bumps preformed to the semiconductor chip 
bonding locations, the solder bumps having a com- 
position for maintaining a single solid phase over 
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the temperature range of 0*C to 150*C; aligning 
the solder bumps prefomied on the semiconductor 
chip bonding pads with corresponding leadframe 
conductive elements; and reflowing tiie solder 

5 bumps to Join tiie corresponding leadframe con^ 
ductive elements with the bonding locations on tiie 
semiconductor chip. This method of manufacturing 
a low-cost high-strength leadframe and semicon- 
ductor chip assembly may altemately comprise 

70 solder bumps having a composition comprising 
about .5% to about 2% by weight of tin, and about 
98% to about 99.5% by weight of lead. 

Yet anotiier preferred embodiment of tiiis sol- 
der composition invention comprises a low-cost 

75 high-yield high- strength semiconductor chip and 
leadframe assembly kit comprising a semiconduc- 
tor chip comprising bonding locations for input and* 
output of signals to and from the chip; a leadframe 
having at least one of power, ground, and signal 

20 conductive elements for transfening signals to and 
from the chip bonding location; and bonding means 
comprising solder bumps preformed to tiie lead- 
frame conductive elements for selective bonding 
with bonding locations on tiie semiconductor chip, 

25 the solder , bumps comprising a composition for 
maintaining a single solid phase over a tempera- 
ture range of O'C to 150*C. The solder bumps 
may furtiier comprise a composition comprising 
about .5% to about 2% by weight of tin, and about 

30 98% to about 98.5% by weight of lead. Alternately, 
this assembly kit may comprise bonding means 
comprising solder bumps preformed to the lead- 
frame conductive elements for selective bonding 
with bonding locations on the semiconductor chip. 

35 The solder bumps may comprise about .5% to 
about 2% by weight of tin, and about 98% to about 
98.5% by weight of lead. Further advances in the 
field of packaging and bonding of electronic com- 
ponents include the following improved furnace 

40 bonding stmcture and method.- 

The basic furnace bond technique of electronic 
component bonding is well known. A device to be 
bonded is placed In a furnace for heating and low- 
force bonding of conductive elements. A frequent 

45 problem arises, however. In unequal compression 
forces being applied to various conductive ele- 
ments being bonded. Often, tills unbalanced bond- 
ing force results In overcompression of certain con- 
ductive elements and insufficient compression be- 
so ing applied to otiner conductive elements. In each 
case, the reliability of the overall package Is deg- 
raded. Accordingly, the present invention provides 
means for controlled compression furnace bonding 
of conductive elements of a leadframe to a seml- 

55 conductor chip without experiencing tiie compres- 
sion problems in the prior art. Specifically, a bond- 
ing system 208, shown in Rgure 17, is provided 
comprising holding means having a holding mem- 

13 
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ber with a chip support surface for supporting a 
semlcortductor chip, positioning means for precise- 
ly positioning conductive elements of a leadframe 
with bonding locations on the semiconductor chip, 
and furnace heating means comprising a furnace 
for heating and reflow bonding the conductive ele- 
ments to tfie chip trending locations. 

As illustrated in Rgure 17, a representative 
furnace bonding cycle comprises fumace means 
which is preferably a belt furnace 210 configured 
for heating the conductive elements and the semi- 
conductor chip which are both retained in a holding 
member 212. The belt fumace 210 preferably com- 
prises a belt member 215 which transports holding 
member 212 through the belt fumace 210. Pre- 
ferred belt furnace 210 comprises means for creat- 
ing a neutral or reducing atmosphere surrounding 
locations on the chip where the conductive ele- 
ments are to be bonded. This neutral or reducing 
atmosphere thereby pennnits fluxless bonding of the 
materials. 

As illustrated in Figure 18. means for position- 
ing the semiconductor chip in holding member 212 
is provided. Vacuum means is configured in cham- 
ber 220 for creating a vacuum to temporally hold 
the semiconductor chip 223 and to facilitate fine 
alignment of . chip 223 with conductive elements 

225 of a leadframe 226. Chamber 220 also mini- 
mizes the exposure of chip 223 to heat retaining 
portions of holding member 212. The positioning 
means further comprises a clamp spring assembly 
represented by force arrows labelled J for securely 
clamping the positioned chip 223 and leadframe 

226 prior to heating the chip in furnace 210. Prefer- 
ably, bonding device 208 positioning means further 
comprises alignment pegs 230 constructed and 
arranged for engaging and aligning leadframe 226. 
Also, surfaces 232 defining alignment holes 233 
are located in holding member 212 as shown. 
Alignment holes 233 are preferably constructed 
and arranged for slidable receipt of alignment pegs 
230. As illustrated in Rgure 18. the interaction of 
alignment pegs 230 and alignment holes 233 pro- 
vides coarse alignment to conductive elements 225 
in relation to chip 223 bonding locations. 

Holding member 212 illustrated in Rgure 17 
comprises means for maintaining lead-to-bump 
alignment as well as for ensuring the required 
contact between solder bumps 235 and conductive 
elements 225. The contact between solder bumps 
235 and conductive elements 225 is achieved 
through use of either a rigid insert or a conformal 
insert. The rigid insert 240 is constructed and ar- 
ranged for use with soft solder bump applications. 
Rigid insert 240 is preferably placed on top of 
leadframe conductive elements 225 which are ar- 
ranged vertically above chip 223. Thus, rigid insert 
240 exerts a gravity generated compression force 



on the leadframe and ensures that conductive ele- 
ments 225 are all sufficiently contacting appropriate 
chip bonding locations. The controlled compression 
effect of placing rigid insert 230 on conductive 

5 elements 225 promotes uniform bonding of each 
conductive element 225 with semiconductor chip 
223 independent of any initial non-planarity of con- 
ductive elements 225 and any difference in bump 
heights of solder bumps 235 located on chip 223. 

10 Preferred Insert material includes a quartz material 
due to its excellent thermal Isolation characteristics. 
When using bonding device 208 according to the 
present invention, it is also desirable to provide 
standoff means 242 for maintaining the vertical 

15 height of conductive elements 225 in relation to 
chip 223. 

Alternatively, a hard bonding material may be 
utilized to maintain the conductive element height 
above the chip surface 244. However, use of hard 

20 materials may lead to cracking or other damage to 
chip 223 when compression bonding force is ap- 
plied. Therefore, as illustrated In Rgure 19. con- 
formal insert 248 may be utilized. Conformal Insert 
248 is constructed and arranged to function simi- 

25 larly to rigid insert 240 with the exception of per- 
mitting nominal insert compression to accommo- 
date different heights among bumps made of hard 
material located on chip 223. This characteristic 
eliminates one source of manufacturing process 

30 component damage and thus enhances the reliabil- 
ity of components made with the present invention. 
Bonding device 208 may be utilized with conduc- 
tive elements having preformed reflowable solder 
bumps attached. Preformed reflowable solder 

35 bumps may also be configured as earlier described 
and shown on chip 223. Also, rigid insert 240 and 
conformal insert 248 are readily Interchangeable to 
facilitate efficiency and reduce tooling require- 
ments. 

40 Material savings and component cleanliness is 
enhanced when the present fumace bonding Inven- 
tion is utilized in a neutral or reducing atmosphere 
surrounding solder bumps 235 during the bonding 
process. \/Vhen the process is accomplished within 

45 a nitrogen atmosphere, fluxless bonding may be 
achieved. 

Accordingly, a method is provided for con- 
trolled compression furnace bonding of a semicon- 
ductor chip to conductive elements of a leadframe. 

50 This method comprises the steps of placing a 
semiconductor chip 223. as shown in Rgure 18. 
comprising a plurality of bonding locations in a 
holding member 212 comprising a chip support 
surface 222; providing preformed bonding material 

65 for connecting conductive elements 225 of a lead- 
frame 226 with the chip bonding locations; aligning 
the leadframe conductive elements with the bond- 
ing locations on the semiconductor chip; moving 
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the leadframe conductive elements towanj the chip 
bonding locations so that the bonding materiaJ con- 
tacts the conductive elements and the chip bond- 
ing locations; heating the bonding material to a 
point of reflow; and cooling the bonding material to 
complete the bonding process. This method may 
further comprise the step of creating a neutral or 
reducing atmosphere surrounding the bonding ma- 
terial during the bonding process. Also, the step of 
positioning the semiconductor chip preferably com- 
prises placing the chip on a chip support surface 
above a chamber extending into the holding mem- 
ber; creating a vacuum for temporally holding the 
chip while precisely aligning the chip with the lead- 
frame conductive elements; and locldng the chip in 
alignment with the leadframe conductive elements 
prior to heating the assembly. The positioning of 
preformed bonding material may comprise posi- 
tioning preformed solder bumps on the leadframe 
conductive elements or on the semiconductor chip 
bonding locations. 

in the event that fluxiess furnace bonding is not 
utilized, then a fluxing agent according to the 
present invention can provide for Improving the 
bonding process by yet other means. For instance, 
the present fluxing agent is particularly cost effec- 
tive because its preferred constituents are inexpen- 
sive, readily available, and easily mixed. Further- 
more, expenses related to cleaning bonded sur- 
faces, after these surfaces are bonded with prior art 
fluxing agents, can be substantially reduced be- 
cause the present fluxing agent minimizes or sub- 
stantially eliminates the chanring which generally 
occurs when the prior art fluxing agents are used. 
The use of a fluxing agent or flux Is generally not 
necessary when using gold bonding material. How- 
ever, when using solder bonds In normal at- 
mospheres, it Is necessary to use flux to promote 
oxide-free surfaces for joining at the bond site. 
Activated fluxes such as those with ammonium 
chloride, zinc chloride, hydrogen chloride, or other 
well known activating agents are generally quite 
acidic and can be toxic. The residue that is often 
left behind after use of activated fluxes can corrode 
components and cause other difficulties. In con- 
trast, use of a preferred fluxing agent, containing oil 
and rosin, leaves a substantially Inert residue 
which, even when left on the component surface, 
will not cause the problems associated with the 
activated fluxing agents noted above. Prior solu- 
tions to the problems of chanring and con-osive flux 
residue have Included use of alcohol constituents 
combined with flux or flux constituents. The alcohol 
tends to evaporate, however, thereby reducing Its 
effectiveness. When Isopropyl alcohol Is used In a 
fluxing agent Including water white rosin, the flux 
often dries and chars during the tabbing process 
and is difficult, if not virtually impossible to clean. 



The chanred flux can prove to be a source of ionic 
contamination, or an aesthetic problem. The 
present fluxing agent preferably utilizes a combina- 
tion of rosin and oil to solve the ongoing problem 

5 of chaning of bonding areas. 

The prefenred fluxing agent preferably includes 
low-cost, readily available, and nomrtally non-haz- 
ardous materials. The preferred fluxing agent is 
easily mixed and dispensed, and is easily rernoved 

70 from the bonding site. Because the present fluxing 
agent preferably includes an oil or combination of 
oils which have Ignition temperatures which are 
preferably greater than the temperatures required 
to bond solder to a surface, the chan'ed residue, 

76 which often results from the burning of prior art 
fluxing agents, is substantially minimized or elimi- 
nated. The preferred fluxing agent comprises be- 
tween about 5-95, preferably 10-90, more prefer- 
ably 20-80. even more preferably 30-70% by 

20 weight of oil and between about 5-95, preferably 
10-90, more preferably 20-^, even more prefer- 
ably 30-70% by weight of rosin. Another fluxing 
agent according to this invention consists essen- 
tially of about 5-95% by weight of oil and about 5- 

25 95% by weight of rosin. The addition of oil to the 
rosin adjusts the viscosity of the flux, thereby malt- 
ing it easier to handle and dispense. However, the 
addition of the oil has not been found to decrease 
the effectiveness of the rosin in minimizing the 

30 fomnation of oxides during soldering. Indeed, it is 
believed that the addition of the oil may enhance 
the effectiveness of the rosin, particularly for use 
with stnjctures having fine geometry spacing. Fur- 
thermore, the stability of this combination of con- 

35 stituents is important In that during the temperature 
increases of the bonding process, the respective 
percentages of oil and rosin in the flux mixture 
remain substantially the same. 

The prefenred oil will preferably have an igni- 

40 tion temperature of at least about 375* C. By se- 
lecting an oil having a relatively high buming tem- 
perature, the tendency of flux to char during bond- 
ing is minimized. Accordingly, an oil or a combina- 
tion of oils may be utilized providing that the oil or 

45 combination of oils has an Ignition temperature of 
preferably at least about 375* C. Preferred oils may 
be selected from the group consisting of vegetable 
oils, fish oils, animal oils, mineral oils, and the like 
or combinations thereof. The prefen'ed oil or com- 

50 bination of oils preferably has an Ignition tempera- 
ture of at least about 390. more preferably about 
400, even more preferably about 415 and still more 
preferably about 425* C. It is most preferable that 
the oil which Is selected for use from the above 

55 group have an Ignition temperature of at least 
about 430* C. When using a vegetable oil, it is 
preferable to select the oil from the group consist- 
ing of peanut oil, sunflower oil, rapeseed oil, 
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soybean oil, castor oil, jojoba oil, com oil, and the 
like or combinations thereof. It will be appreciated 
that other well known oils exhibiting high ignition 
temperatures can also be utilized. Most preferably, 
tiie vegetable oil is peanut oil and has an ignition 
temperature of at least about 430* C. 

It Is generally believed that as the percent by 
weight of rosin in ttie preferred fluxing agent ap- 
proaches 50%, tiie advantages of tiie preferred 
fiuxtng agent are realized more fully. For example, 
as composition of rosin approaches 50% tine flux- 
ing agent is readily flowable for dispensing and 
use. Furthermore, it is believed that as the percent 
by weight of rosin is increased,, the anti-chanring 
characteristic of tiie pretended fluxing agent be- 
comes more apparent during bonding, and the 
amount of chaning which occurs is minimized. 
Consequentiy, the preferred fluxing agent prefer- 
ably comprises at least about 30, more preferably 
about 40, still more preferably about 50% by 
weight of rosin. Furthermore, the ratio of the per- 
cent by weight of rosin to percent by weight of oil 
is preferably at least about 0.1. more preferably 
about 0.5, even more preferably 0.75, still more 
preferably 0.9, even more preferably 0.95, most 
preferably about 1. 

The choice of rosin for use in the preferred 
fluxing agent is preferably a substantially inert, 
non-activated rosin. The preferred rosin preferably 
comprises water white rosin which is commercially 
available from numerous sources; however, other 
rosins exhibiting non-activated characteristics can 
also be utilized. The prefenred oil and rosin com- 
bination provides a non-corrosive and non-toxic 
fluxing agent which is preferable for use witii elec- 
tronic components and which is generally not 
hanmfu! to personnel in contact with It. Also, when 
tiie intended use does not demand a non-activated 
rosin for electronic safety or other reasons, the 
present fluxing agent may Include an activated 
rosin which is compatible witii the prefenred oil 
composition. 

Because the preferred embodiments of the 
present fluxing agent substantially eliminate char- 
ring and the production of charred residue during 
soldering operations, cleaning of the soldering sur- 
face Is much easier. For example, the use of espe- 
cially harsh or toxic cleaning agents is unnec^ 
essary. Such surfaces are easily cleaned using 
relatively mild cleaning agents such as warm xy- 
lenes, dry acetone, or the like. 

A method for bonding a conductive element 
with solder is also provided. This method prefer- 
ably comprises the steps of placing solder and a 
fluxing agent on a surface of tiie element to be 
bonded, tfie fluxing agent preferably having be- 
tween about 5-95% by weight of oil and between 
about 5-95% by weight of rosin. The next step 



comprises heating tiie surface, tiie solder and/or 
the flux to a temperature of between about 250- 
400* C. wherein chanring of the fluxing agent is 
minimized. It is believed tiiat bonding substantially 

5 occurs at temperatures of between about 250-400, 
preferably 300-400@C. and that if chaning can be 
minimized at those temperatures by tiie inclusion 
of an oil or oils having relatively high ignition tem- 
peratures, tiien tiie charring effect seen witii prior 

70 art fluxes can be substantially minimized or elimi- 
nated. 

Example 1 

IS 

An equal amount by weight of a commercially 
available peanut oil having an Ignition temperature 
of 443@C and water white rosin distributed under 

20 the trade name "Alpha 5002" is mixed togetiier 
and agitated for approximately 2 minutes at a mod- 
erate speed in a glass mixer. The resulting fluxing 
agent is smooth, viscous, and readily dispensable. 
When tiie resulting fluxing agent is applied to a 

25 leadframe surface and solder is heated to a reflow 
temperature of 325@C proximate to this surface 
substantially no charring occurs. 

It is to be appreciated that while certain em- 
bodiments of the present invention have been illus- 

30 trated and described, the invention is not to be 
limited to the specific fomns or an-angements of 
parts described and shown above, since others 
skilled in the art may devise otiier embodiments 
still within tiie limits of the claims. 

35* In a prefered high density low cost leadframe 
package enabling direct connection with a printed 
circuit board, tiiere is provided: 

a) a semiconductor chip having fine pitch 
bonding pads with a pattern repetition of substan- 

40 tially less tiian 0.02 inch (51 mm) for input and 
output of signals to and from tiie chip; 

b) a leadframe having flne pitch power, 
ground, and signal conductive elements for trans- 
mitting input and output signals to the bonding 

45 pads; 

c) bonding means comprising a plurality of 
solder bumps for selectively connecting the fine 
pitch conductive elements to the flne pitch pads; 
and 

60 d) protective means for providing sealed and 

environmental protection around the semiconductor 
chip and portions of the leadframe while permitting 
otiier portions of tiie tape leadframe to protrude 
from the protective means to provide connection 

55 witii other devices. 

Preferably, the pads on the semiconductor chip 
and the leadframe conductive elements are spaced 
at a pitch of between about 0.003 inch (.078 mm) 
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and 0.008 inch (.203 mnn). The protective means 
may comprise a non-conductive adhesive sealant. 
Advantageously, the portions of the conductive eie- 
ments within the leadframe which extend outside 
the protective means are spaced at a pitch of 
between about 0.004 inch (.102 mm) and about 
0.010 inch (.254 mm). 



Claims 

1. A semiconductor chip pacl^ge enabling a 
direct chip to printed circuit boanl connection, the 
paci(age characterised by:- 

a) a semiconductor chip having a front sur- 
face and a bacic surface, the front surface compris- 
ing pads for input and output of signals to and from 
the chip; 

b) a leadframe having power, ground, and 
signal conductive elements having first and second 
end portions for transmitting input and output sig- 
nals to the pads; . . 

c) bonding means for selectively connecting 
the first end portions of the conductive elements to 
the pads; and 

d) protective means for providing sealed and 
environmental protection around the semiconductor 
chip and portions of tfie leadframe while penmitting 
other portions of the leadframe to protrude from the 
protective means to provide connection witii other 
devices. 

2. A device according to claim 1 characterised 
in that the bonding means comprises a plurality of 
preformed solder bumps. 

3. A device according to claim 1 or 2 charac- 
terised in that the protective means comprises 
chamber walls spaced away from the semiconduc- 
tor chip to permit independent thermal expansion 
cycling of the semiconductor chip and tiie protec- 
tive means. 

4. A device according any of claims 1 to 3 
characterised in ttiat the chamber walls comprise 
first and second enclosure members forming a 
substantial portion of a chamber around tiie semi- 
conductor chip and portions of ttie leadframe. 

5. A device according to any of claims 1 to 4 
characterised in that one of the enclosure members 
is a next level of pacl<aglng. 

6. A device according to any of claims 1 to 5 
characterised in tiiat the leadframe comprises 
stress relief means positioned between the cham- 
ber walls and the semiconductor chip for relieving 
mechanical fatigue caused by thermal stress to the 
chip, the leadframe. and tiie protective means dur- 
ing thermal cycling. 

7. A device according to claim 8 characterised 
in that the stress relief means cornprises a stress 
relief expansion portion of tiie conductive elements 



configured for maintaining conductivity of signals 
passing from tiie leadframe to and from ttie chip 
independent of thermal cycling Induced stresses. 

8. A device according to any of claims 1 to 7 
5 characterised by means for connecting the second 

end portion of tiie conductive elements to a printed 
circuit board witiiout intermediate packaging. 

9. A device according to any of claims 1 to 8 
characterised in that die chip back surface is bon- 

70 ded to a portion of the protective means. 

10. A device according to any of the claims 1 
to 9 characterised In that the protective means 
comprises banier sealing means for coating and 
protecting tiie semiconductor chip from environ- 

75 mental contamination. 

11. A metiiod of constmcting a leadframe 
package comprising tiie steps of: 

a) providing a semiconductor chip having 
pads for input and output of signals to and from the 

20 chip; 

b) positioning a leadframe having power, 
ground, and signal conductive elements having first 
end portions and second end portions for transmit- 
ting input and output signals to the pads; 

25 c) forming a chip and leadframe package by 

selectively bonding the conductive elements to the 
semiconductor chip pads using preformed solder 
bumps; and 

d) placing protective means for providing 

30 sealed and environmental protection around the 
semiconductor chip and portions of the leadframe 
while penfPitting otiier portions of tiie leadframe to 
protrude from tiie protective means to provide con- 
nection with otiier devices. 

35 12. A metiiod according to claim 11 charac- 
terised in that:- 

a) tiie protective means comprises first and 
second enclosure members; and 

b) the enclosure members comprise inner 
40 surfaces comprising chamber walls spaced away 

from the semiconductor chip to permit independent 
thermal expansion cycling of the semiconductor 
chip and the enclosure members. 

13, A method according to claim 11 or 12 
46 wherein the second end portions of the conductive 

elements are connected with a printed circuit board 
witiiout Intermediate packaging. 

14. c) A method according to any of Claims 11 
to 13 characterised in ttiat stress relief means is 

50 positioned between tiie chamber walls and the 
semiconductor chip for relieving mechanical fatigue 
caused by thermal stress to the chip, tiie lead- 
frame, and the protective means during thermal 
cycling. 

55 15. A metiiod according to any of Claims 11 to 
14 characterised In that the step of providing pro- 
tective means around the semiconductor chip com- 
prises: 

17 
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a) placing the leadframe package within a 
chamber comprising inner chamber walls spaced 
away from the semiconductor chip to permit in- 
dependent thermal expansion cycling of the semi- 
conductor chip and the enclosure members; and 5 

b) positioning stress relief means between 
the chamber walls and the semiconductor chip for 
relieving mechanical fatigue caused by thermal 
stress to the chip, the leadframe, and the enclosure 
members during thenmal cycling. io 

16. A method according to any of Claims 11 to 
15 characterised by further comprising the step of 
applying barrier sealing means to the semiconduc- 
tor chip to encapsulate and protect the semicon- 
ductor chip prior to placing protective means ar- is 
ound the chip. 
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□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 



□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do hot report these problems to 
the IFW Image Problem Mailbox. 
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KEWED/SLANTED IMAGES 



